Abstract Proteins possible effects on roots have received little attention. Here, we investigated how externally supplied protein influences root formation of Cinnamomum camphora cuttings. Cultivation matrix was composed of vermiculite, perlite and river sand based on the proportion 2∶ 2∶3. Softwood cuttings were soaked and injected by the bovine serum albumin (BSA). The results demonstrated that the addition of low to intermediate concentrations of protein (≦7.58μ M BSA) increased rooting rate, average number of lateral roots and average root length of cuttings. However, the rooting rate, the number and length of lateral root decreased at higher concentrations of BSA (≧15.15μM BSA). The treatment of injection was more effective than that of soaking. The endogenous hormones (ZR, IAA, ABA, GA) content of the cuttings rapidly decreased after cutting. On the different days after cutting, four endogenous hormones decreased to the lowest value respectively. Low to intermediate concentrations of BSA will alter the content and proportion of 4 endogenous hormones and be conducive to root development. But the higher concentrations of exogenous BSA changed the content and proportion of 4 endogenous hormones was not in favor of root formation.
Introduction
The genetic component determines the fundamental morphology and blueprint of a plant's root system, whereas environmental cues shape root architecture by modifying the intrinsic genetic program [1] . The nutritional status and type of nutrient determined the extent and type of changes in root system architecture [2] . A branching architecture dimension expresses root plastic responses to the environment [3] . Plant root development is highly responsive to changes in nitrate availability [4] . NO has a key role in signal transduction network in plants influencing the action of hormones [5] . During adventitious root formation in chrysanthemum cuttings, 3% protein was related to nitrate metabolism and 7% of hormone related [6] . Ramie adapted to NPK deficiency by promoting the intracellular flow of carbon and N, promoting the synthesis cysteine and related hormones and up regulating action protein to promote growth of the root system [7] . Genetic engineering of nitrogen assimilation has received considerable attention for its improvement of nitrogen use efficiency in crops [8] . Recently, molecular regulators in nitrate or ammonium sensing and signaling have been isolated, revealing common regulatory genes for the transport system and root development, as well as a strong connection between N and hormone signaling pathways [9] .
. Less is known about the effects of organic nitrogen forms on root growth, because organic nitrogen has received less attention as N source. Historically, a reason is that only inorganic N and L-amino acids have been considered to be important to the N nutrition of terrestrial plants [10] has largely replaced the focus on organic nitrogen. Unfertilized, cool-climate cropping, soil is dominated by soluble and bound amino acids [11] . Amino acids are also prevalent in sub/tropical agricultural soil [12] . Organic nitrogen compounds of intermediate molecular mass were detected in temperate agricultural soil [10] . The glutamine synthetase enzyme and the DNA binding with one finger transcription factor play important roles in the regulation of nitrogen metabolism that is essential for plant growth and development [13] . The evidence that organic nitrogen elicits change to root growth is accruing. Plants grown in different N mixtures were similar in size, but those supplied with organic N displayed a significantly greater root fraction [14] . Reduced glutathione treatment promoted root formation in cuttings grown on both base-and auxin-supplemented media [15] . Under controlled environmental conditions, plant uptake of organic and inorganic N forms in the dominant desert shrub Larrea tridentata was quantified to assess the potential effects of elevated atmospheric CO 2 on plant N uptake dynamics [16] . High concentrations of single amino acids such as glycine near complete inhibition of root growth, and single amino acids such as glutamine, amides, peptides or mixtures of organic N compounds increased root/shoot ratio and root elongation, adventitious root formation [14] . NO production and amino acid metabolism are interesting questions waiting for further investigation [17] . The effects of BSA on root morphology appear to be independent from auxin and ethylene signaling pathways [18] . This suggests that, similar to inorganic nitrogen and low molecular mass, organic nitrogen, protein elicits responses in roots. Here, we evaluated how protein affected root architecture and plant endogenous hormone changes in dose-response experiments with BSA and growth medium composed of vermiculite, Perlite and river sand.
Materials and methods Plant material and growth conditions
Cinnamomum camphora softwood cutting used in this study was collected from the campus of the Xuzhou Institute of Technology. Softwood cuttings were selected according to the length of 7-10 cm, diameter of 0.3-0.4 cm and 2-3 half leaf retention. The cuttings were soaked with 5 kinds of BSA concentration in Scheme 1 (see Table 1 ) and injected with accordingly BSA concentration in scheme 2 (100μL microsyringe come from Shanghai JiaAn analytical instrument factory) (see Table 1 ), and were contrasted with sterile water. Cultivation matrix was composed of vermiculite, perlite and river sand based on the proportion2∶2∶3. The experiments were repeated 3 times, respectively.
Cultivation matrix was disinfected with 2‰ KMnO 4 7 d before cutting. Be rinse with water 24h before cutting and drilled in the matrix when cutting. The line method was used when cutting. Be watered the cutting immediately after cutting. Using an automatic spray device to spray at intervals of 1 h from the beginning of the second day to keep the humidity of the garden at around 95%. The 1000mgL -1 carbendazim solution was sprayed enough after cutting to prevent mildew and rot of cuttings. Thiophanate methyl solution was sprayed in 3 weeks after cutting. Compound fertilizer and glucose aqueous solution were foliar applied every 15d. The small arch shed of 40cm high was built by the use of bamboo in the cutting bed surface in time after cutting. It was closed cover with 2 m wide fresh agricultural films and compacted around with soil. The western agricultural film was open for ventilation45-55dafter cutting. 0.5%-1.0%compound fertilizer was fertilized 1 times per month after root again in the autumn.
The content variation of 4 kinds of endogenous hormones GA, IAA, ABA and ZR were detected by the use of ELISA (enzyme linked immunosorbent assay) in the rooting process. The result of determination was calculated by Logit curve method. The test instrument was an enzyme mark instrument (Biotek Elx800, OD accuracy: <1% at 2 OD) imported from America.
Statistical analysis
Statistical analyses were performed using ANOVA (IBM SPSS Statistics21), Mapping analysis using GraphPad Prism6.
Results

Rooting rate changes caused by BSA treatment
The cuttings of C. camphora were soaked (scheme 1 in Table 1 ) or injected (scheme 2 in Table 1 ) by the use of 1.52 to 45.45μMBSA. Cuttings were cut in the disinfected cultivation matrix in 2013 July and the rooting rate, root amount and root length were detected in 2014 February. Whether soaking or injected by BSA, low concentrations of BSA significantly improved rooting rate of cuttings (Fig. 1A, B) and the high concentrations of BSA significantly decreased the rooting rate of cuttings. The effect on the rooting rate by the method of BSA injected is more significant than that of BSA soaking cuttings. The rooting rate of cuttings soaked by the concentration of 1.52μM, 7.58μM BSA was increased by 20.8%, 18.7% than the contrast respectively. While the same concentrations of BSA injected, the rooting rate was increased by 21.3% and 20.7% than the contrast respectively. Soaked by the higher concentration of BSA such as 15.15μM, 22.73μM and 45.45μM, the rooting rate was decreased by 6.3%, 12.5% and 18.8% than the contrast respectively. Injected by the same concentrations, the rooting rate was decreased by 8.3%, 14.6%, 20.8% than the contrast accordingly.
BSA elicited the changes of average root length and rooting numbers of cutting
Both of soaked and injected cuttings with low concentration of BSA (such as 1.52μM, 7.58 μM) increased the average number of lateral roots (Fig. 1E, F) and the average root length (Fig.  1C, D) . However, the high concentration of BSA (such as 15.15μM, 22.73μM, 45.45μM) decreased the average lateral root number and average root length. Whether low or high concentration of BSA is, the treatment of injection was more effective on the average number of lateral roots and average root length than that of soaking. Statistical analysis showed that soaked (Fig. 1C, E) and injected (Fig. 1D, F) treatment with 1.52μM BSA significantly increased (P < 0.05) the average number of lateral roots and average root length, and the treatments of 45.45μM BSA significantly decreased (P < 0.05) the average number of lateral roots and the average root length.
BSA elicited the changes of endogenous hormone in the course of cutting root development The changes of endogenous ZR content
The endogenous ZR content of C. Camphora cutting declined rapidly after cutting7 days. The decreasing speed of endogenous ZR content was markedly correlated with concentration of BSA treatment. The lower the concentration of BSA treated cuttings (≤7.58μM BSA), the smaller the extent of decline. The higher the concentration of BSA treated cuttings (≥15.15μM BSA), the greater decreased degree of endogenous ZR content. The decreased degree by injecting cuttings was lower than soaked cuttings in the same low concentration of BSA. But higher concentration injected cuttings reacted more strongly than soaked cuttings. It was worth noticing that the different concentration of soaked and injected cuttings could result in endogenous ZR decreased at different rates. The content of ZR of the cuttings decreased to the lowest value on the twenty-first day, fourteenth day and twenty-first day, respectively, by the use of 1.52μM BSA soaked or injected cuttings, 7.58μM BSA soaked and 7.58μM BSA injected accordingly. Whether soaked or injected cuttings by more than 15.15μM BSA, the content of ZR of the cuttings decreased to the lowest value on the fourteenth day. Then it began to decline after the rising in the twenty-eighth day. Thirty-five days later, the content of ZR of the cuttings treated by BSA less than 7.58μM began to decline.
The changes of endogenous IAA content
On the seventh day after cutting, the endogenous IAA content of the cuttings soaked and injected with various concentrations of BSA decreased to the lowest value respectively. But the magnitude of the decreased was different both in concentrations and ways. The content of endogenous IAA of the cuttings soaked and injected by 1.52μM BSA decreased less than treated with 7.58μM BSA. The higher concentrations of BSA, the greater magnitude decreased of the endogenous IAA content. It increased again to a higher value after 28 days, and then began to decrease. The new higher values of IAA content are lower than the initial values.
The changes of endogenous GA content
On the fourteenth day after cutting, the endogenous GA contents of the cuttings soaked and injected with various concentrations of BSA decreased to the lowest value respectively. But the magnitude of decreased was different both in concentrations and ways. The content of the endogenous GA of the cuttings injected decreased to a greater extent than that of soaked. Higher concentrations of BSA induced the content of the endogenous GA of the cuttings to decrease more than did of the lower concentrations BSA treatment. On the twenty-eighth day, the content of the GA of the cuttings soaked and injected with 7.58μM concentrations of BSA got new higher values than the initial values at the beginning of cutting. The content of the GA of the cuttings soaked with more than 15.15μM BSA was a lower value on the thirty-fifth day than the initial value at the beginning of cutting. It began to decrease them.
The changes of endogenous ABA content
After cutting, the content of the endogenous ABA of the cuttings soaked and injected with various concentrations of BSA decreased to a lower value on the seventh day. But the magnitude of the decreased was different both in concentrations and ways too. The content of endogenous ABA of the cuttings soaked decreased to a greater extent than that of injected. Higher concentrations of BSA induced the content of endogenous ABA of the cuttings to decrease more than did of the lower concentrations BSA treatment. On the fourteenth days, the content of ABA of the cuttings soaked and injected with various concentrations of BSA achieved a new higher value. At this moment, the content of ABA of the cuttings treated with 7.58μM concentrations of BSA got lower values than the initial values at the beginning of cutting, and the cuttings treated with more than 15.15μM concentrations of BSA achieved higher content of ABA than the initial ABA values. Later, the content of ABA of the cuttings treated with various concentrations began to decrease again. The higher concentrations of BSA, the faster decreased of content of ABA. Accordingly, the lower concentrations of BSA induced the content of ABA to decrease slowly.
Discussion
Here we quantified the responses of C. camphora cutting to the presence of high molecular mass organic nitrogen. We show that protein in the form of BSA affects plant morphology and plant endogenous hormone in a manner relating to treatment mode and the concentration of organic nitrogen. With sterile water as control, the results of our study agreement with the notion that roots exhibit measurable responses to organic nutrients irrespective of the plants' nutritional status [14] . In a concentrated and ways of treated dependent manner, BSA (i) alters rooting rate of cutting, (ii) modifies root architecture by influencing lateral root information, (iii) rapidly decreases the endogenous hormones (ZR, IAA, ABA, GA) content of the cuttings after cutting, and fluctuate with BSA concentration and ways of treated.
It is noteworthy that under severe N shortage, the lateral roots formation is almost completely absent [2] . Plant root development is highly responsive both to changes in nitrate availability in the rhizosphere [4] . The different plant species response to exogenous organic nitrogen is variable. For example, a positive effect of exogenous addition of a mix of three (Serine/Alanine/Glycine) or two (Serine/Alanine) amino acids on wheat root tolerance of oxygen deprivation was detected [19] . Reduced glutathione treatment promoted tomato seedling cuttings root formation [15] . Our experiment on the ornamental plants of C. camphora showed that the lower concentration of BSA is beneficial to the cuttings survived in adverse environments, and to the new roots formed as soon as possible. However, the highest concentrations of BSA are not conducive to the new root. Cutting propagation is the process that a part of the plant regenerates new individual by abscission from the parent in the face of adversity. We hypothesized that exogenous organic nitrogen in favor of plant adaptation to adverse adversity, and produce morphological and physiological response. Furthermore, this response is related to the organic nitrogen concentrations and application methods.
Hormones regulate plant growth and development in response to external environmental stimuli via complex signal transduction pathways, which in turn form complex networks of interaction. The plant root is a particularly useful system in which to study the complex role of plant hormones in the plastic control of plant development [20] . It has been demonstrated that all the stages of adventitious root formation are dependent on, or regulated by endogenous or exogenous auxin [15] . Our experiment demonstrated that four kinds of endogenous hormone (ZR, IAA, ABA, GA) content decreased to a minimum in the short term as the plant suddenly suffered adversity. However, the exogenous organic nitrogen BSA will alter this change in different degrees. Lower concentrations of BSA will alter the content and proportion of 4 endogenous hormones in the C. camphora cuttings and be conducive to root development. But the higher concentrations of exogenous BSA will change the content and proportion of 4 endogenous hormones and was not in favor of root formation.
Four phytohormones we measured affecting on growth and development are well documented. The purified sedimentary humic acid action is functionally linked to increments in NO and IAA concentration in roots and also increases ethylene and ABA root concentration mediated by NO-IAA dependent pathways [21] . Lateral roots are crucial for the plasticity of root responses to the auxin and cytokinin balance in plants [22] . ABA significantly inhibited shoot growth and induced expression of OsKRP4, OsKRP5, and OsKRP6 [23] . The effect of GA 3 treatments on the quantitative characteristics of Polianthes tuberose was investigated [24] . More recently, a strong connection between N and hormone signaling pathways have been revealed [9] . Our study adds the understanding that organic nitrogen has effects on the cuttings root formation, growth and endogenous hormone changes, highlights the necessity of application of organic nitrogen in garden plant operating and expands the existing knowledge that has been generated in cutting root formation test systems.
